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The Dual Receiver Concept presented in this paper 
improves the adaptation of the central receiver to the steam 
cycle in a solar thermal power plant. By combination of an 
open volumetric air heater and a tubular evaporator the Dual-
Receiver Concept profits from the advantages of these two 
concepts while their characteristic problems are avoided. The 
water is evaporated directly in the tubular steam generator, 
preheating and superheating is done in heat exchangers by 





















Fig.1: Schematic of Dual-Receiver Concept; combination of 
volumetric air heater and tubular evaporator. 
 
This paper presents a concept study that extends previous 
work on the 10 MWel level (Buck et al. 2004) to a level of 
100 MWel which is the expected power range of future plants. 
The results confirm the benefits of the new concept, resulting 
from higher thermal efficiency of the receiver and lower 
ir 5°C 
Hot Air 570°C 1
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increased from 13 % to 16 %. Advantageous are also the 
reduced thermal loads in the receiver components. 
 
INTRODUCTION 
The schematic layout of the proposed dual receiver 
concept for solar towers is displayed in Fig. 1. The compressed 
feed-water is preheated and superheated in heat exchangers that 
are fed by hot air heated in an open volumetric receiver. After 
preheating the water is evaporated in a tubular receiver located 
in front of the open volumetric receiver on top of the solar 
tower. The evaporator is operated either in natural or forced 
recirculation. The saturated steam produced is fed again to the 
heat exchanger for superheating. Finally the superheated steam 
is fed to a steam turbine running a generator.  
Since the tubular receiver is used exclusively for 
evaporation, the maximum temperature is in the range of about 
300°C, area specific thermal losses are low compared to high 
temperature receivers. This allows the selection of a receiver 
area with a design heat flux of about 300 kW/m². Although this 
value is lower than for other central receiver systems, this 
corresponds to the value characteristic for conventional steam 
generators and is expected to reduce problems of solar steam 
generation significantly.  
Since the tubes are placed in front of the volumetric 
receiver, they reduce the recirculation losses of the air loop by 
decreasing the wind effects. In addition, thermal re-radiation 
from the hot volumetric receiver is partially absorbed on the 
back of the evaporator tubes, thus reducing overall re-radiation 
losses and increasing thermal efficiency.  
Another important feature of the Dual Receiver Concept is 
the separation of the evaporation section from the superheating 
section. In earlier central receiver concepts once through 1 Copyright © #### by ASM
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Downloaconcepts were chosen (Radosevich and Skinrood 1989); i.e. 
sub-cooled water is preheated, evaporated and superheated 
without a fixed subdivision of the receiver. During transients in 
solar insolation, significant thermo-mechanical stress is 
induced by variations in the extent of the preheating, 
evaporation and superheating section. 
Using hot air from the volumetric receiver only for 
superheating and preheating allows a reduction in needed 
receiver outlet temperature: in the Dual Receiver Concept, the 
air temperature after superheating the water must be somewhat 
above the boiling temperature of the water; in a system using 
exclusively hot air to generate superheated steam, the air 
temperature at this point must be higher to allow the 
evaporation of water (Fig.2). For the Dual Receiver Concept, 
the maximum air temperature can be lower than 600°C. This 
allows the application of proven metallic mesh receivers and 




Fig.2: Course of temperatures during transfer of heat from air 
to water for Dual Receiver concept 
 
In a previous study (Buck et al. 2004) the conceptual 
design for a solar tower with a dual receiver and a net capacity 
of 10 MWel has been performed. Within the previous study the 
dual receiver concept has been compared to an open volumetric 
receiver concept as proposed in an earlier phase for the Spanish 
PS10 project (Osuna et al. 2000). The main result of this 
comparison was that the dual receiver concept shows an 
increase of 27% in the annual electricity production. This 
results in cost advantages due to reduced heliostat field size and 
lower receiver temperatures. 
In (Buck et al. 2004) several simplifications have been 
made to reduce system complexity. Among others a constant 
parasitic power consumption was assumed as well as a simple 
steam cycle with a single extraction line for de-aeration. For the 
receiver modeling only directed re-radiation was considered. 
The capacity of the plant was set to 10 MWel to be comparable 
with PS10. For future commercial solar towers higher power 
levels are expected. 
Within this present study a more detailed receiver model is 
used taking into account the diffuse re-radiation of the receiver. 
Furthermore the influence of more sophisticated power block 
cycles and operation strategies are investigated. Finally an up-
scaling to 100 MWel is performed for the dual receiver and the 
volumetric receiver concept. A yearly analysis is performed for 
both concepts for comparison.  
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Dual Receiver 
The assumption of direct radiation as used in (Buck et al. 
2004) is a rough simplification of the real radiation behavior of 
the dual receiver. In reality technical surfaces of the dual 
receiver emit energy with a solid angle of 2π, representing a 
hemispherical radiation. This fact is considered for the 
radiation models for the tubular and volumetric receivers. As 
the concentrated radiation impinging onto the receiver also 
covers a broad incidence angle range, that radiation is also 
approximated by hemispherical radiation. Boundary losses of 
the receiver are neglected due to the dimensions of the dual 
receiver. All radiation and irradiation intensities are considered 
to be independent of the direction, i.e. isotropic radiation is 
assumed. The absorption of rays is also considered independent 
to incidence angle. 
The energy balance of the dual receiver leads to: 
 
 radconvrefvoltube QQQQQQ &&&&&& ++++=int  (1) 
 
The intercepted energy of the heliostat field Qint is 
distributed to the tubular Qtube and volumetric receiver Qvol 
surfaces. Heat losses are caused by reflection Qref, convection 
Qconv and radiation Qrad. Conduction losses are neglected due to 
sufficient insulation of the receiver. For the description of the 
radiative heat transfer mechanisms one pair of adjacent tubes is 
considered and view factors for every side of the enclosed 
space were determined (Fig. 3).  
 
 
Fig.3: Enclosure of two adjacent tubes 
 
The tubes are considered to have the same outer diameter, 
an infinite length, diffuse surfaces. To determine the heat 
transfer due to radiation between the tubes, the view factors are 
derived according to Fig. 3. The view factors define the 
fraction of radiation that each surface emits to another. The 















sA =  (3) 
Absorptivity 
The view factor F11’ describes the rate of total radiation flux 
emitted by surface 1 and absorbed by surface 1’. Due to 
symmetric reasons, the reciprocity relation and the summation 
rule apply (which results from the energy balance that all 2 Copyright © #### by ASME 
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The mathematical model used has to consider all heat fluxes 
to determine the fraction of the incident solar radiation reaching 
the tube and the volumetric receiver. The specific radiation J 
accounts for the total heat flux leaving a surface i. Since this 
radiation includes the reflected fraction of the irradiation as 
well as direct emission, the specific radiation is determined by 
adding thermal emission E, i.e. term corresponding to Stefan-
Boltzmann-Law, and reflected portions of incident radiation. 
The irradiance G to each surface j consists of all relevant 
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According to Kirchhoff’s law emissivity is assumed to be 
independent from wave length and equal to absorptivity. The 
temperatures determining thermal radiation depend on the fluid 
temperature in each receiver part, e.g. the saturation 
temperature in the tube receiver and the air temperature in the 
volumetric receiver. The term G3 represents all radiative losses 
occurring at the height of the central dual receiver. 
This modeling leads to a linear set of equations where 
temperatures, surfaces, view factors and power of incidence of 
heliostat field J3 have to be known. The radiation model 
neglects the mechanism of gaseous emission and absorption, 
this is permissible because the short path length of the radiation 
inside the receiver leads to very low absorption. Convective 
losses are calculated using measured yearly average wind 
speeds at a site close to Seville, Spain. 
 
Basic characteristics of the dual receiver 
Under design conditions a specific fraction of the 
intercepted radiation is used for evaporation in the tube 
receiver. The rest is used for pre- and superheating. If the 
operation conditions are changing, e.g. during part load, the 
relation between evaporation energy and pre- and superheating 











=*  (10) 
is introduced. *tubQ&  is defined as the heat flux absorbed on the 
tube receiver divided by the total heat flux absorbed by the tube 
and the volumetric receiver. To describe the geometric design 
of the tube receiver equation (11) is used. 
 .1−== A
s
dγ  (11)  
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tube surface to the whole receiver surface. The outer diameter d 
of each tube is the same for each tube. The distance between 
the center of two adjacent tubes s is displayed in Fig. 3. The 
main design parameters for the dual receiver are listed in table 
1. 
The calculated receiver efficiency ηrec and *tubQ&  are 
displayed in Fig. 4 as a function of the heat flux density for 
different temperatures of the volumetric receiver. The receiver 
efficiency is defined as the ratio of energy absorbed by the fluid 
to the irradiation on the aperture area of the receiver.  
 
Tab. 1: Design Values of main Design Parameters 
 
Parameter Value 
Maximum Tube Temperature ϑtub 350 °C 
Maximum Temperature of Volumetric 
Receiver ϑvr 
700 °C 
Absorptivity αtub=αvr 0.92 
Convection heat losses hcon 30 W m-2 K-1 
Surface Ratio γ   0.3 
Live Steam Temperature 550°C 
Live Steam Pressure 110 bar 
 


































Fig. 4: Ratio of ηrec and *tubQ&  as a function of the heat flux 
density for different maximum temperatures of the volumetric 
receiver (γ  = 0.3).  
 
As displayed in Fig. 4 the surface temperature of the 
volumetric receiver has a great influence on the receiver 
efficiency. Under design conditions (mean solar heat flux 
density on volumetric receiver surface = 450 kW/m2) the 
receiver efficiency is higher than 80 % and reaches values of 
90 % for lower receiver temperatures. The significant decrease 
with decreasing heat flux density is caused by the thermal 
losses of the volumetric receiver. 
Under design conditions *tubQ&  is approx 0.5 for all surface 
temperatures. That means 50 % of the irradiation on the 
receiver is absorbed by the tubular receiver. With a decreasing 3 Copyright © #### by ASME 
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Downloheat flux density *tubQ&  is increasing. The value of 
*
tubQ&  
increases since on one side the amount of energy emitted from 
the volumetric receiver remains nearly constant while the 
incident radiation significantly decreases, and on the other side 
emission losses of the tubes are not that pronounced. In Fig. 4 
*
tubQ&  is reaching values of more than one. A value 
*
tubQ&  greater 
than one means that the emission of the volumetric receiver 
would be higher than the insolation on the volumetric receiver. 
These are only theoretical values. In practice a maximum value 
of one is possible. If the solar flux is decreased to lower values, 
the surface temperature of the volumetric receiver will decrease 
to its thermodynamic equilibrium. 
On the water-steam side the fraction between evaporation 
and pre- and superheating is determined by the parameters of 
the water-steam cycle, e.g. the operation pressure, the live 
steam temperature and the feed water temperature. Accordingly 
once the distribution of the heat flux is changed, as displayed in 
Fig. 4, the steam parameters of the steam cycle have to be 
changed too. In practice a limited change of *tubQ&  can be 
compensated by an injection cooler in the superheating section. 
For a good design of a dual receiver, the design parameters 
of the receiver have to match the design parameters of the 
steam cycle. This can be done by the surface ratio γ and the 
surface temperature of the volumetric receiver. Figure 4 
displays that a receiver temperature of less than 700°C and a 
surface ratio γ of 0.3 guarantees a constant value of *tubQ&  for a 
wide range of heat flux densities.  
Figure 5 displays *tubQ&  and ηrec for different surface ratios 
γ. For the given surface temperature of 700°C *tubQ&  is nearly 
constant to values of the receiver flux density down to 300 
kW/m2 for all values of the surface ratio. The final value of the 
surface ratio has to be defined according to the parameters of 
the steam cycle, e.g. for a given operation pressure a higher live 
steam temperature requires a lower value of *tubQ& . Furthermore 
it is obvious that the surface ratio has only a small influence on 
the receiver efficiency.  
 

































Fig. 5: ηrec and *tubQ&  as a function of the heat flux density for 
different surface ratios (Tvol = 700°C).   
4
aded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Us 
Further examinations showed that the influence of the tube 
temperature, i.e. the live steam pressure of the Rankine cycle, 
can be neglected. 
 
Operation Mode of the Power Block 
As in conventional thermal power plants different 
operation strategies are conceivable for solar thermal power 
plants. Whether the plant is operated in sliding or fixed 
pressure mode determines the part-load behavior and thus the 
yearly electricity production, and the complexity of the turbine 
and thus the necessary investment. Accordingly the choice of 
the operation mode affects economic and operational issues.  
Within this study three different operation strategies are 
investigated. Due to Stodola’s law the pressure at the turbine 
inlet decreases with a decreasing load. To maintain a constant 
live steam pressure at the superheater outlet even at part load 
conditions (fixed pressure mode) the live steam pressure is 
throttled (1st) by a single valve at the turbine inlet or (2nd) by a 
nozzle section. The third investigated option is the sliding 
pressure mode, where the live steam pressure is equivalent to 
the turbine inlet pressure and thus is changing during part load. 
One important difference between the different operation 
modes is the ability to react on fast load transients. Here the 
fixed pressure mode is superior to the sliding pressure mode 
due to its lower thermal inertia1. For that reasons sliding 
pressure is predominantly used for base load power plants 
(Dietzel 1980). 
The fixed pressure mode with a single throttling valve is 
modeled by an isenthalpic throttling process placed directly 
before the first turbine stage. This simple throttling causes 
energy losses since it reduces the useful enthalpy difference in 
the turbine (∆h’ instead of ∆h’’ in Fig. 6).  
 
 
Fig. 6: h-s- diagram for different operation modes 
 
Nozzle sections are used to reduce the losses of the simple 
throttling during part load. The nozzle section consists of j 
nozzles that can be controlled separately for throttling only a 
specified part of the mass flux. Fig. 6 displays that only mass 
flux m’ is throttled whereas m’’ is un-throttled. Accordingly the 
useful enthalpy difference is ∆h’M instead of ∆h’ as for simple 
throttling. After throttling only a part of the mass flux, finally 
both mass fluxes are mixed again. The enthalpy of the mixture 
is determined by equation (12). 
                                                          
1 In case of the sliding pressure mode load changes cause pressure changes 
and thus changes of the evaporation pressure and temperature. Accordingly 
during transients the evaporator tubes have to be heated up or cooled down. 4 Copyright © #### by ASME 

























η  (12) 
where ηr is the overall efficiency of the nozzle section, i.e. the 
mass weighted efficiencies of each section and the isentropic 
efficiency. Within this investigation the isentropic efficiency is 
set to 0.72. The nozzle section consists of four nozzles that 
open successively at a quarter, half, three quarters and at the 
entire mass flow.  
In case of the sliding pressure mode the steam generator is 
directly connected to the turbine without any throttling device.  
Within this simulation study the part-load behaviour of all 
relevant components such as pipes, turbine stages and heat 
exchangers has been considered. On the other hand the part 
load behaviour of components like generators, motors and 
pumps have been neglected. 
CONCEPTUAL DESIGN OF THE 100 MWEL PLANT 
The Dual Receiver Plant 
In (Buck et al. 2004) a plant with a net capacity of 10 
MWel has been investigated. In this study an up-scaling to a net 
capacity of 100 MWel is performed since this is the expected 
power range of future commercial plants. Within this study no 
storage is considered but a sensible heat storage fed with the 
hot air from the volumetric receiver is conceivable. By 
appropriate spacing between the absorber tubes the power 
distribution between evaporation and pre-/superheating 
sections can be selected. 
In a first step the conceptual design of the heliostat field 
and the receiver has been performed. For the chosen power 
level a full cylindrical receiver is used that is placed on a tower 
with 230 m height. The tubes have an outer diameter of 50 mm, 
the gaps between the tubes are 100 mm wide.  
The mean flux density under design conditions is 
450 kW/m². The flux density on the volumetric receiver section 
is reduced due to shading by the evaporator tubes. The thermal 
efficiency of the dual receiver is mainly determined by the 
surface temperature. The mean tube temperature is calculated to 
370°C and the mean volumetric receiver temperature is set to 
570°C. This improves the thermal efficiency of the volumetric 
receiver due to reduced reradiation losses. Furthermore the 
convective heat losses of the tubes are partially recovered since 
the heat is transferred to the air passing the tubes before 
entering the volumetric receiver. According to the receiver 
model the thermal efficiency is 86 % at design conditions, 
including recirculation losses in the air loop. An air 
recirculation rate of 50 % is assumed for the dual receiver 
(Marcos et al. 2004). 
The design of the tube receiver has to guarantee a safe 
operation under all conceivable operation conditions. Therefore 
the tube receiver is operated in forced circulation. This allows 
to adjust every desired mass flux and thus steam quality and 
heat transfer coefficient. In Fig. 6 the critical heat flux that 
causes departure from nucleate boiling is plotted as a function 
of the steam quality. In addition the evaporation path is shown 
for an outlet steam quality of 0.3. According to Fig. 6 a 
sufficient safety margin exists to prevent departure from 
nucleate boiling. This would occur at a heat flux density at the 
inner surface of nearly 1000 kW/m2. In practice the heat flux is 
not distributed homogeneously on the receiver surface. Hot  
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may occur with heat flux densities of 900 kW/m2. Even these 
hot spots would not exceed the critical heat flux. 
Detailed FEM calculations have shown that under design 
conditions the highest absorber tube temperature is only 50 K 
higher than the fluid temperature and thus in agreement with 
the German boiler code. 
The total aperture area of the dual receiver is determined 
by the needed intercept power from the heliostat field and the 
allowed mean flux density of 450 kW/m². Due to these 
constraints a cylindrical receiver is chosen with a height and 
diameter of 16 m.  
 



















Critical Heat Flux 
Evaporation Path 
 
Fig. 6: Critical heat flux density at the inner surface of the 
absorber tube as a function of the steam quality with the 
evaporation path of the evaporation section. (p = 110 bar, outer 
diameter do = 50 mm, wall thickness s = 5 mm) 
 
The heliostat field was designed in order to minimize the 
specific costs for thermal energy. This leads to a surround field 
which consists of 5150 heliostats. Each heliostat has a 
reflective are of 120 m² like the Sanlucar’s heliostat 120SL 
considered for the PS-10 project in Spain (Solucar 2005). An 
average mirror reflectivity of 0.87 is assumed. Climatic 
conditions and insolation are taken for the location of Seville, 
Spain.  
The heat balance of the proposed power block is displayed 
in Fig. 7. The live steam parameters are 550°C and 110 bar. 
Unlike conventional combined cycles a single pressure system 
was chosen instead of a dual or triple pressure system since 
efficiency improvement is negligible due to the low air outlet 
temperature after the preheater. An air cooled condenser is 
applied with a condensation pressure of 150 mbar (Tcond = 
54°C). The power cycle has a thermal efficiency of 34.7 % 
under design conditions. 
In Fig. 7 the pre-heater is represented by one heat 
exchanger. The water inlet of the pre-heater is directly 
connected to the superheating section by a bypass to 
compensate the different heat absorption of the different 
receivers during part load (s. Fig. 5) by injecting feed-water 
into the superheating section. Accordingly the superheater is 
subdivided into two heat exchangers. The main design 
parameters of the system are summarized in table 2. 5 Copyright © #### by ASME 




Fig. 7: Heat balance of dual receiver plant with regulation 
stage 
 
Tab. 2: Summary of main design parameters of dual receiver 
plant 
 
Design insolation (DNI) 865 W/m² 
Tower height 230 m 
Receiver Mean Solar Flux Density 450 kW/m² 
Receiver shape Cylindrical 
Receiver diameter / height 16 m / 16 m 
Receiver aperture Area 402 m² 
Live Steam Temperature 550°C 
Live Steam Pressure 110 bar 
Condenser Pressure 150 mbar 
Receiver outlet air temperature 570 °C 
Waste air temperature 86 °C 
Air Recirculation Rate 50 % 
 
The Reference Plant 
To assess the performance of the proposed dual receiver 
concept it is compared to a reference plant applying a single 
open volumetric receiver for preheating, evaporation and 
superheating. The heat balance of the reference plant is shown 
in Fig. 8. The power block is similar to that of the dual receiver 
concept. It has the same gross electric power, the same live 
steam parameters and the same condenser system and thus the 
same thermal efficiency of 34.7 %.  
The most important difference are the parameters of the air 
loop. Due to the pinch-point problem the receiver outlet as well 
as the air outlet temperatures are significantly higher as 
compared to the dual receiver concept. The optimization of the 
power block leads to a receiver outlet temperature of 740°C 
and an air outlet temperature of 113°C. The higher operation 
temperature of the receiver causes higher radiation losses and 
thus a significantly lower receiver efficiency of the volumetric 
receiver. Furthermore the heat losses of the air loop are 
increased since only 50 % of the outlet air can be recirculated2.  
                                                          
2 Since no detailed information on the recirculation rate fort he dual 
receiver is available yet, a recirculation rate of 50% is assumed for both cases. 
Since the air outlet temperature of the reference plant is higher than that of the 
dual receiver, its recirculation losses are higher.  
aded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms oTo get the same net electric power the lower efficiency has 
to be compensated by an increased size of the heliostat field. 
Again the heliostat field is designed in order to minimize the 
specific costs for thermal energy. This leads to a surround field 
which consists of 6470 heliostats. The tower height is 
calculated as 233 m. 
 
 
Fig. 8: Heat balance of reference plant applying a volumetric 
receiver (here with regulation stage) 
 
In the reference plant also the evaporation is done in the 
heat recovery steam generator fed by the hot air from the 
receiver. Accordingly the air mass flow is increased from 
368 kg/s (dual receiver concept, Fig. 7) to 467 kg/s (reference 
plant, Fig. 8) causing a significantly higher parasitic power 
consumption of the reference concept. Due to this higher 
parasitic power consumption of the reference plant the aperture 
area of the volumetric receiver of the reference plant has to be 
increased to compensate these losses.  
 
Tab. 3: Summary of main design parameters of reference plant 
 
Design insolation (DNI) 865 W/m² 
Tower height 233 m 
Mean Heat Flux Density 450 kW/m² 
Receiver shape Cylindrical 
Receiver diameter/height 18 m 
Receiver aperture Area 509 m² 
Live Steam Temperature 550°C 
Live Steam Pressure 110 bar 
Condenser Pressure 150 mbar 
Receiver outlet air temperature 740 °C 
Waste air temperature 114 °C 
Air Recirculation Rate 50 % 
 
Comparison 
Within this study three different operation modes of the 
power block have been investigated for the dual receiver 
concept, operation in fixed pressure and sliding pressure mode 
as well as the operation with nozzle section. A first result was 
that the sliding pressure mode and the nozzle section are 
superior to the fixed pressure mode. Accordingly the fixed 
pressure mode has been neglected for the reference plant. Table 6 Copyright © #### by ASME 
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under design conditions. 
Under design conditions, the operation mode has only a 
very small influence on the system performance. Nevertheless a 
significant difference exists between the dual receiver and the 
reference plant. The dual receiver has a receiver efficiency of 
nearly 86 % compared to 70 % of the reference plant. This is 
mainly caused by significantly reduced receiver temperature 
and by absorption of the reradiation of the volumetric receiver 
by the tube receiver. Due to this difference the dual receiver 
concept reaches a design point efficiency of 18.5 % compared 
to 14.7 % of the reference plant. This improved system 
performance leads to a significant reduction of the number of 
heliostats needed for the same net capacity of the plant (5160 
compared to 6460) and thus to a significant reduction of the 
investment.  
 
Tab. 4: Summary of system characteristics under design 
conditions 
 












































 Efficiencies [%] 
Heliostat field 67 66.2 66.2 
Receiver incl. 
recirculation 85.7 85.9 85.7 70 70.3 
Rankine cycle 34.7 34.7 
Plant Net  18.5 18.6 18.5 14.7 14.7 
 System Parameters 
Heliostats [-] 5161 5161 5178 6464 6481 
Receiver outlet 




86 102 114 
 
YEARLY ANALYSIS 
Solar thermal power plants have to cope with changing 
direct solar irradiation and ambient temperatures. Thus not only 
performance under design conditions is important but also the 
system performance at part load conditions. Fig. 9 displays the 
calculated net efficiency of the power plant (receiver and 
Rankine cycle, without heliostat field) as a function of the load. 
According to Fig. 9 the dual receiver is superior to the 
reference plant at every load. At lower loads (<50 %) the 
advantage decreases a little bit due to the mismatch of the 
partload characteristics of tube and volumetric receiver used in 
the dual receiver concept but is still significant.  
For a final comparison the yearly performance of the 
investigated systems is calculated for a specified site with the 
simulation program IPSEpro. For the comparison hourly values 
for the direct normal irradiation (DNI) and the ambient 
temperature of Seville (Spain) have been used. The yearly sum  
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Fig. 9: Part load net efficiencies of all investigated systems 
(receiver and Rankine cycle, without heliostat field) 
 
Tab. 5: Main results of the yearly performance calculation for 
Seville (Spain) 
 












































 Energy Yield [GWh/a] 
Field 1266 1266 1270 1585 1589 
Receiver 730.4 737.1 739.6 916.2 909.2 
Steam Cycle 606.1 617.5 613.4 633.4 608.4 
Electricity Gross 197.3 201.4 204.2 206.3 202.0 
Electricity Net 187.8 192.7 195.7 190.9 188.0 
 Yearly Mean Efficiencies [%] 
Heliostat field 57.7 58.2 58.2 57.8 57.2 
Receiver incl. 
recirculation 83.0 83.8 82.9 69.1 66.9 
Rankine cycle 32.6 32.6 33.3 32.6 33.2 
Plant Net  14.8 15.2 15.3 12.0 11.8 
 
As expected the yearly mean efficiency of the dual receiver 
is higher than that of the reference system. But it is surprising 
that it is more than 20 % higher over the year. This is mainly 
caused by the significantly improved performance of the dual 
receiver compared to the reference receiver. In addition the 
parasitic power consumption of the power plant is reduced by 
more than 40 % by applying the dual receiver concept. This is 
due to the lower power consumption of the air blower 
(8.5 GWh/a compared to 14 GWh/a) since the air mass flow 
through the heat exchanger is reduced significantly.  
The amount of each loss is displayed in the Sankey 
diagrams of the dual receiver concept (Fig. 10) and the 
reference plant (Fig. 11). Figures 10 and 11 show again that the 
most significant differences occur for the radiation losses Qrad, 
the losses of the air loop Qarl,out and the parasitics Ppar.  7 Copyright © #### by ASME 
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A new dual receiver concept for a solar tower thermal 
power plant is presented and compared to a reference plant 
based on an open volumetric receiver. A detailed model of the 
new receiver concept has been developed to investigate its 
system performance under design conditions as well as during 
part load.  
 
 
Fig. 10: Yearly energy flows of dual receiver concept with 
nozzle section (all values in GWh/a). 
 
 
Fig. 11: Yearly energy flows of reference plant with nozzle 
section (all values in GWh/a). 
 
The investigation has shown significant advantages of the 
new dual receiver concept under design conditions as well as 
for part load conditions. For a final assessment a yearly  
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satellite data for Seville (Spain). These calculations show that 
the annual net efficiency is increased by more than 20 % 
compared to the reference plant. The main reason for this 
improvement in performance is caused by: 
 
• Significantly reduced receiver temperatures and thus 
reduced radiation losses and higher receiver efficiency. 
• Lower air mass flow in the air circuit and thus reduced 
parasitic power consumption. 
• Reduced losses of air loop due to lower air outlet 
temperature 
 
Different operation strategies for the power block have 
been investigated too (fixed pressure mode, sliding pressure 
mode and nozzle section). It is shown that the operation mode 




A Model Parameter (s/d) [-] 
A Area [m2] 
E&  Emission [W/m2] 
F View Factor [-] 
G&  Irradiance [W/m2] 
J&  Radiosity [W/m2] 
Q&  Heat Flux [W] 
T Temperature [K] 
 
d Diameter [m] 
s Distance [m] 
 
α Absorption Coefficient [-] 
ε Emissivity [-] 
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